nN backward scattering data above 5 GeV /c are analyzed in terms of the baryon Regge pole exchange and accompanying Regge cut due to the strong absorption. The fit of the cross sections is reasonable. The role of the cut turns out to be very important: (1) The sharp peak accompanied by the dip at u = -0.15 (Ge V / c ) 2 in n+ p-?pn+ is successfully explained by the existence of the wrong signature nonsense zero at aN=-t in the dominant Na residue. The wide peak in n-p~pn-, where only Llo Regge pole is exchanged, is explained by the absence of zero in the Llo residue.
§I. Introduction
Backward peaks in the nN elastic scattering cross section have been explained in terms of a Reggeized baryon exchange model. 1 ) ' 23 ) The sharp peak accompanied by the dip at u = -0.15 (Ge V / c ) 2 in n+ p-?pn+ is successfully explained by the existence of the wrong signature nonsense zero at aN=-t in the dominant Na residue. The wide peak in n-p~pn-, where only Llo Regge pole is exchanged, is explained by the absence of zero in the Llo residue.
The extrapolated magnitude of the L/ 8 residue at a 4 = m 4 2 , however, is anomalously smaller than the actual value of the L/ 8 residue calculated from the width of Ll. That is, (TJ)theory = 2 MeV, while (T 4 )experiment = 120 MeV. In other words, n-p~pn-cross section is anomalously small, as long as it is considered in the usual parametrization.
In order to explain this anomaly, Igi, Matsuda, Oyanagi and Sato introduced a zero in the Ll 8 residue. 2 ) In this parametrizatioJ?-(T 4 )theory becomes 60 MeV. The existence of this rather ad hoc zero is further connected with the suppression of the particle pole at a,e = t on the N,e trajectory by exchange degeneracy.
3 )
It has become increasingly evident that a Regge cut must be associated with the p Regge pole. Examples are given in n-p charge exchange scattering, 4 ) double charge exchange process such as n-p~n+ LJ-,
5
) etc. It is interesting and important to see if the baryon trajectory is also accompanied by a similar Regge cut. We consider here the absorbing-hard-core Regge cut proposed by Kimel and Miyazawa. 4 ) We assume that elementary particles are not point-like particles, but have hard cores with a definite radius. At s~ oo all the elastic scattering will be understood as diffraction scattering due to the core. When s is not sufficiently large, the existence of the core causes a modification in the Regge pole phenomonology. Each Regge pole is associated with a Regge cut. Kimel and
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Miyazawa succeeded in explaining the non-vanishing polarization in re-p chargeexchange scattering as an interference between the p Regge pole and the associated p Regge cut.
Besides the nonvanishing polarization in re-p charge exchange scattering, there are several difficulties in explaining high energy scattering by Regge poles only. We hope that modification due to the hard core can solve these difficulties. Since the associated cut is determined once we set the radius of the core, and the radius is determined by the slope of the diffraction peak, the cut is calculated without increasing the number of arbitrary parameters.
The magnitude of the cut turns out to be large in n-p~pre-. As the cut interferes destructively with the pole in the scattering region, the J 3 -residue must be larger in magnitude than in the case without the cut. In § 2 we explain the notion of the absorbing-hard-core cut. In § 3 the result of analytical calculation is presented. In § 4 we compare the result with the experiment. Section 5 is left for discussion and conclusions. § 2. Absorbing-hard-core Regge cut
We explain here the notion of the absorbing-hard-core Regge cut. 4 l Suppose we express the scattering amplitude in the impact parameter representation
As the amplitude is suppressed at small b because of inelastic effects, we must modify the integration on b.
where R is the radius of the absorbing core. The difference between A and A', 
(2·4)
We have treated the case where spins of the participating particles are zero.
In general, J 0 must be replaced by J"' where v is the magnitude of the helicity flip. § 3.
Results of analytical calculations
We present here the results of our analytical calculations. The notation is similar to that of Ref. 7) .
The n-P backward scattering amplitudes due to baryon Regge pole exchange are written as
fN (or ftJ) and gN (or UtJ) are the spin flip and spin non-flip amplitudes due to Na (or Lis) trajectory exchange, respectively. f1NC vs, u) and fu ( vs, u) are obtained7> by crossing symmetry relations from j;_N( ,Ju, s) and ht1 ( -Vu, s) defined below: we consider the possibility of the wrong signature sense zero in order to obtain better fit with experiments. n = 0 and n = 1 corresponds to the absence and presence of the wrong signature sense zero, respectively. We assume the absence of a parity partner of the nucleon and L1 resonance, and introduce the factors (1-·../u/ MN) 7 ) and (1 + v'u/ M 11 ) in the residue functions.
We assume that roN and rod are constants. The trajectory functions are given by the linear Chew-Frautschi plot.
We leave aN' as a free parameter, because it plays an important role in determining the position of the dip in n+p~pn+ differential cross section.
For further calculations, we rewrite the amplitudes as power expansions m
In this step we make two approximations. First we approximate sin Bs= (1/ks) 
The coefficients HkN and HkLJ are defined as
where
In other words,
We present the explicit expressions of H in the Appendix, as they are necessary in the final expression of the Regge cut amplitude. Now we can calculate the contributions from the cut following the discussion of § 2. We have only to replace t ( = -2k 8
-til/ s=-2ks 2 (1-cos fJs)) as we are dealing with backward scattering. The final integration is analytically calculated by using the formula
Introducing the factor
we can write the cut contribution as
where R is the proton radius (R f=t(2fN
and we obtain the corresponding relations for the g amplitudes.
(3 ·15)
Experimentally measurable quantities are calculated from f and g; Differential cross section:
Polarization of the final proton with the u~polarized target: Table I B the results without considering the effect of the cut.
a) -;c-p-7p7C-cross sections
The fit to the -;c-p-7p7C-cross sections is good for both n = 0 and n = 1, as is shown in Fig. 1 . As the cut interferes destructively with the Regge pole, the parameter 9oJ must be larger in the fit with the cut than in the fit without the cut. Therefore, the extrapolated magnitude of the Lis residue at a 4 = !, i.e. the width of L1 resonance, is larger now. In the analysis without the cut, the choice n = 1 is definitely favored, because n = 0 gives too small a width for L1. 
b) -;c+p-7p-;c+ cross sections
The fit to the -;c+ p-7p-;c+ cross sections is good, as is shown In Fig. 2 . The predicted value of g~N/ 4-;c is of the right order of magnitude. The cut in this reaction is not strong, because the amplitude decreases rapidly as I u I increases on account of the sharp peak. Fig. 3 . Theoretical curves for n-p~nn° obtained with parameters determined in the fit to n-p~pn-and n+p~pn+ for the case (i) n = 0 and (ii) n = 1.
We cannot fit the cross section data without the wrong signature sense zero at aN=-t. The cut is not strong, and cannot cause the dip with structureless pole residues.
As the L/ 8 amplitude is much smaller than the nucleon amplitude, we cannot distinguish the two choices n = 0 and n = 1 from the n+ p~pn+ cross sections.
c)
Using the parameters determined from the n-p~pn-and n+p~pn+ cross sections, we calculate the n-p->nTC 0 cross sections and compare them with the experiment in Fig. 3. 12 )
The agreement is fairly good.
d) Low energy n+p~pn+ polarization
Polarization of n+p~pn+ around 3 Ge V / c has been measured by Sherden et (b) Comparison of n+p-'>pn+ da/ du data with curves computed from our best tfit for the case n=O and n=l at 3.75GeV/c. al. 13 ) We calculate this and compare the theoretical curve with the experiment. As is shown in Fig. 4 (a) the theoretical curve is rather s-independent in disagreement with the experiment. This is because s is not large enough for the Regge amplitude to be a good approximation, and the effect of the resonances must be taken into account. At the highest energy point (PL=3.75 GeV /c) the extrapolated differential cross section agrees well with the data both for n = 0 and n = 1, as is shown in Fig. 4 (b) . So comparison is made only at this energy in Fig. 5 . The solution n = 1 is good except at the dip region. The solution n=O is bad at lui>0.3(GeV /c) 2 • e) rc-p~prc-and rc-p~nrc 0 polarization
For a further test of our model, we calculate the rc-p~prc-and rc-p->nrc 0 polarizations and show them in Fig. 6 and Fig. 7 . Large positive polarization
2 is the characteristic feature of our model. Since no polarization is conceivable with only the .ds pole, the measurement of this polarization will furnish definite evidence for a baryon Regge cut of the type considered here. This is one of the most characteristic features of our analysis, including the Regge cut amplitude. (3) From the n+p~prr+ polarization at 3.75 Ge V j c, the solution n = 1 (zero) is more probable. For a definite conclusion on this point, polarization measurements of n+p~pn+ at higher energies are desirable.
(4) Polarization measurements in n-p~pn-are also required to test the validity of the model. A Large positive polarization is expected.
There has been much interest in the Regge cut due to absorption. Regge residue of Na in this model is structureless. Our model reduces to the case ). = 1, and has a nature intermediate between the two models. In n-p~pn-the cut amplitude is too strong to give a good value for T 4 with n = 1. In n+ fJ~pn+ the cut amplitude is not strong enough to cause a dip with the structureless residue.
There are some fits 14 )'
18 l in terms of additional Nr trajectory besides the Na and L1 8 in order to obtain a better fit of the overall cross section data including rr-p~nrr 0 • We have refrained from including N 7 in order to retain the simplicity of our analysis. We have removed the parity partner of the nucleon and L1 resonance by introducing an ad hoc factor such as (1-.Ju/ MN) or (1 + .Juj M 11 ) . Some theoretical attempts 20 ) have been made to write down an amplitude which is automatically free from the parity doublet. But phenomenological analyses along these lines have so far been unsuccessful. 
